Introduction
Ankylosing spondylitis (AS) is a seronegative spondyloarthropathy (SpA) that mainly affects the vertebrae and the peripheral joints. In 1973, the genetic marker HLA-B27 was found to play a key role in the occurrence of this disease [1, 2] . Previous epidemiological research has found that AS predominantly occurs in Caucasians and a small number of Native American tribes [3, 4] . The incidence of AS in Japan and Africa is considerably lower [5] [6] [7] , probably because of the lower prevalence of HLA-B27. The frequency of B27 in the Chinese population is 4-9% [4, 7] , while the prevalence of AS is about 0.2-0.3% (similar to that in Caucasians) [8, 9] . Although HLA-B27 is an important genetic marker, AS can occur in a small population with HLA-B27-negative individuals [4, 7] .
There are few data regarding the involvement of the MHC in HLA-B27-negative AS. Early studies by Khan et al. showed that B7 was associated with HLA-B27-negative African-American AS patients and B16 (currently B38 and B39) was associated with HLA-B27-negative Caucasian AS patients [10, 11] . Yamaguchi demonstrated the association of B39 with HLA-B27-negative Japanese AS patients [12] .
Several studies have suggested that HLA-B60 increases the risk of developing AS in both B27-positive and -negative individuals [13] [14] [15] . Certain HLA-DR alleles are also thought to influence the phenotype of AS, with effects on age of disease onset, and presence of uveitis and peripheral arthritis [16] . Many recent immunogenetic studies have investigated the presence of non-B27 AS susceptibility genes, and other non-MHC genes [17] [18] [19] [20] . Epidemiological investigations also support AS being an oligogenic disease, with B27 the major but not sole risk factor [21] .
We previously demonstrated that the prevalence of B27 in Chinese patients with AS was approximately 98% [22] . However, a small percentage of B27-negative individuals can develop definite AS with typical clinical and radiological findings. In this study, we addressed one major question. Do other class I genes increase the risk of AS in Chinese AS patients in an HLA-B27-negative population?
Materials and methods

Cases and controls
Forty-one HLA-B27-negative subjects with AS, as defined by the modified New York criteria [23] , were recruited from patients attending the Veterans General Hospital, Taiwan. All patients were assessed by a rheumatologist and had X-ray-confirmed at least bilateral class II sacroiliitis or unilateral class III sacroiliitis. No patient had psoriasis, Reiter's syndrome or inflammatory bowel diseases. As a control group, 11 383 blood samples from HLA-B27-negative healthy subjects (male:female ratio 1.6:1) were donated by the Chinese Blood Donation Association. All cases and controls were of Han Chinese ethnicity. This study was approved by the Ethical Committees of the Veterans General Hospital.
Determination of HLA-B27 and class I genes
Fifteen millilitres of venous blood per person was taken from both the AS patient group and the control group. HLA-B27 carriage was determined by flow cytometry [24] . The microlymphocytotoxicity method was used to genotype other HLA-A and -B genes (One Lambda, Canoga Park, CA, USA)
Statistical analysis
For the case-control study, differences in phenotype frequencies between patients and controls were assessed with the uncorrected 2 test. Bonferroni correction was performed for the 16 HLA alleles other than HLA-B60 with minor allele frequencies >10% for which the study had adequate statistical power [>80% power to detect an odds ratio (OR) of >2.5 with a two-tailed P value of <0.05]. Haplotype frequencies in the control samples were determined using the program Phase [25] . The presence of significant linkage disequilibrium was tested using Fisher's exact test, and its magnitude was assessed using Lewontin's standardized statistic (D 0 ). This measures linkage disequilibrium on a scale of 0 (no disequilibrium) to 1 (complete linkage disequilibrium).
Results
Forty-one B27-negative Chinese patients with AS participated in this study (21 males, 20 females). Age ranged from 25 to 52 yr and age at onset was 12-40 yr (mean 29.1 yr). Mean disease duration was 13.3 yr. The class I genes (A, B) present in each patient are shown in Table 1 . In some cases only one allele was identified, which may indicate that the individual was either homozygous for that allele or (less likely) carried a previously unidentified allele. As the proportion of unidentified alleles is likely to be very low, these cases were considered to be homozygous for the genotyped allele in all further analyses. The HLA-A alleles in AS patients and controls are shown in Table 2 . The phenotype frequency of HLA-A26 in the HLA-B27-negative AS patients (17.1%) was significantly greater than that in the controls [6.3%; OR ¼ 3.1, 95% confidence interval (CI) 1.4-6.9,
For the B alleles, HLA-B61 was present in 11 of the 41 patients (26.8%) compared with 213 of 11 383 controls (1.9%), giving an OR of 19.2 (95% CI 9.5-38.9, P uncorrected <0.001, P corrected <0.001). Carriage of HLA-B60 alleles was also increased in HLA-B27-negative AS patients (63.4 vs 38.0%; OR ¼ 2.8, 95% CI 1.5-5.3, P uncorrected <0.001, P corrected <0.001) ( Table 3) .
The number of control haplotypes considered in the linkage disequilibrium calculations was 22 748, and the phase of 6976 (31%) of these could be determined with >90% certainty. Considering haplotypes determined with >90% certainty, no significant linkage disequilibrium was observed between HLA-A26 and either HLA-B60 or -B61 (D 0 ¼ 0.04 and 0.02, P ¼ 0.3 and 0.1 respectively). In the total data set, although statistically significant linkage disequilibrium was observed between HLA-A26 and HLA-B61 (D 0 ¼ 0.04, P ¼ 0.0001), the level of disequilibrium observed was close to zero and in the main these alleles segregate independently.
Discussion
The relationship between HLA class I genes and AS has been known for a long time, but it is thought that, in addition to B27, other class I and II genes may increase susceptibility to the development of AS [13] [14] [15] [16] . In the present study, we investigated class I genes in HLA-B27-negative AS patients and controls. To our knowledge, this is the largest such study reported to date. The frequency of B60 and B61 was significantly increased in our B27-negative AS patients. The association of B60 with AS was first reported by Robinson and colleagues, who found that B60 was increased in HLA-B27-positive AS patients [13] . Subsequently, Brown and colleagues demonstrated that B60 was associated with AS in HLA-B27-positive and -negative individuals [15] . It is unknown whether B60 and B61 are associated with AS in Taiwanese Chinese, which will be the subject of a future study.
Association of B27-negative AS with B7 or other B7 crossreactive group (B7, 13, 22, 27, 40, 41, 42, 47, 48, 81, 82) has been reported previously [26, 27] . Khan and Arnett found a high , B58  2  M  A11, A24  B60, B67  3  F  A33, A11  B58, B60  4  F  A2, A24  B46, B61  5  M  A11  B61, B75  6  F  A11, A31  B60, B62  7  M  A2, A11  B60, B62  8  F  A2, A30  B13, B58  9  M  A2, A11  B60, B75  10  M  A24, A11  B55, B60  11  M  A11  B52  12  M  A2, A11  B51, B60  13  F  A2, A11  B13, B60  14  F  A2, A26  B38, B60  15  F  A24, A26  B60, B75  16  M  A2, A11  B60, 61  17  F  A2, A24  B55, B60  18  M  A2  B46, B62  19  M  A26, A11  B46, B61  20  F  A33, A11  B58, B62  21  M  A2, A24  B39, B67  22  M  A2  B38, B46  23  F  A24, A11  B54, B60  24  F  A2, A11  B39, B54  25  M  A26, A33  B39, B62  26  M  A33, A11  B58, B60  27  M  A2, A33  B17, B60  28  F  A24, A11  B60, B61  29  F  A11  B52, B60  30  M  A2, A24  B60, B62  31  F  A2, A26  B38, B60  32  M  A2, A24  B60, B61  33  M  A24, A26  B46, B60  34  F  A2, A24  B54, B61  35  F  A24, A11  B60, B61  36  M  A24, A11  B51, B60  37  F  A11  B60, B61  38  F  A2, A24  B60, B62  39  M  A2, A11  B46, B60  40  F  A24, A30  B13, B61  41  M  A24, A26 B39, B61 frequency of either B7, B22 or B40 in AS and Reiter's syndrome [28, 29] . Cedoz reported that B40 was associated with disease in a subset of undifferentiated SpA patients with prominent peripheral arthritis [26] . B60 and B61 are the major subtypes of B40 and they are closely related major histocompatibility complex class I molecules [30] ; our study is the first study to investigate these two alleles (B60 and B61) separately. We observed independent associations of B60 and B61 with AS. Whilst the association of AS with B60 has been reported previously, the strong association of B61 with B27-negative AS has not previously been reported. B60/61 may be associated with AS either directly or because of linkage disequilibrium with a further MHC gene. Significant differences in the structure of and peptide presentation by HLA-B60/61 compared with B27 suggest that the mechanisms of association of these HLA-B alleles with AS are different. The peptide binding motif of B60 is considerably different from that of B27 [31] , making it unlikely that its effect is mediated by the presentation of similar arthritogenic peptides. The T-cell epitopes of B27 and B60 are quite similar, which would be consistent with molecular mimicry theories [32] . Considering the B7 CREG HLA-B alleles, B14, B15, B38, B39 and B73 but not B60 or B61 possess a cysteine residue at position 67, like HLA-B27 [33, 34] . Therefore, the association of these alleles with AS is unlikely to be due to the same theoretical mechanisms, implicating this amino acid as critical in the mechanism of association of B27 and AS [35, 36] .
Unlike B locus alleles, alleles of the A locus have not previously been associated with AS. Although A26 was also associated with disease in our B27-negative AS patients, the association did not reach statistical significance after Bonferroni correction. Previous studies that have investigated HLA-A associations with AS have generally been too small to provide robust findings, but have suggested associations with HLA-A2 [37, 38] and -A9 [39] . We were not able to confirm these associations, but our study was not adequately powered to exclude other than a major genetic effect. Furthermore, in Sardinia, haplotype studies suggest that the HLA-A2 association in that country reflects differential linkage disequilibrium between this allele and HLA-B*2705 and B*2709 [40] , which are themselves differentially associated with AS. This highlights the complexity of MHC disease association studies.
Our findings suggest that, in addition to B60, B61 may also play significant roles in the development of AS in Chinese people independently of HLA-B27. These findings strengthen the evidence supporting the existence of non-B27 genetic influences on susceptibility to AS. 
